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Abstract 
In France, the majority of the electricity generated is derived from nuclear energy which has a low CO2 footprint.  
A preliminary analysis showed us that, in the French specific context, without any new nuclear power plant 
construction, the emission of several millions tons of CO2 could be avoided by using a CO2 to fuel technology to adjust 
the electricity produced by nuclear energy to the electricity grid demand. This will not only mitigate CO2 emissions but 
could also increase nuclear economic competitiveness. 
Possibilities of direct using nuclear heat are also under investigation, to improve the efficiency of the global system of 
conversion. 
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Introduction 
Since the global warming and the depletion of carbon-based energy resources are among 
the most challenging problems facing the world today, the carbon dioxide (CO2) 
utilization has become an important research field. CO2 recycling to produce carbon-
based fuel can be a potential mechanism to reduce CO2 emission and put us on the path 
to a carbon-neutral energy system. This is particularly interesting when the CO2
generated is unavoidable and of considerable quantity, for example, the process of 
calcium carbonate decomposition in cement industry.
As a large amount of heat can be recovered from nuclear power plants, this alternative 
fuel can potentially be produced in massive quantities and partially compensate the use of 
conventional oil fuel. This CO2-to-fuel integrating the heat from nuclear plant technology 
could lead towards the sustainable development in the long term since cement industries, 
pulp and paper industries, as well as steel industries are the boundless sources of CO2. 
Until now, CO2 to fuel has been usually considered coupled to renewable sources such as 
wind power [1], [2]. In France 14% of electrical power is produced by renewable energy 
but also around 78% is provided by nuclear reactors. Nuclear power is also a low CO2
footprint energy source, which can be used massively for CO2 to fuel processes [3]. As 
we will see, this may require some specific energetic optimisation. This paper focuses on 
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the example of production of DiMethyl Ether (DME) from CO2, H2 and nuclear power. 
Two original different designs are discussed: 
- the first with current nuclear reactors, using solely electrical energy to transform CO2
into fuel but with the idea to use the conversion of CO2 to fuel as a fluctuating energy 
demand to complete the grid electricity demand; French nuclear reactors are forced to 
operate at a variable power, to accord to the energy demand, as they are the main source 
of electrical energy in France. Such new strategy enables nuclear reactors to be operated 
at a constant energy output. 
- a second design is proposed to be directly coupled to the under schedule new nuclear 
reactor SFR (sodium fast reactor). Heat can be provided by this reactor up to a 
temperature of 500°C. In this design we tried to maximize the use of nuclear heat in the 
process of conversion of CO2 into fuel. 
Use of flexible nuclear power in France
In France, nuclear is the major component of electricity production accounting for around 
78% of electricity production. 
Drawing such a large percentage of overall electrical production from nuclear power is 
unique to France. This reliance has resulted in certain necessary deviations from the 
standard design and function of other nuclear power programs. For instance, in order to 
meet changing demand throughout the day, some plants must work as peaking power 
plant, whereas most nuclear plants in the world operate as base load plants, and allow 
other fossil or hydro units to adjust to demand. 
All France's nuclear capacity is from PWR units.  There are two ways of varying the 
power output from a PWR: control rods, and boron addition to the primary cooling 
water.  Using normal control rods to reduce power means that there is a portion of the 
core where neutrons are being absorbed rather than creating fission, and if this is 
maintained it creates an imbalance in the fuel, with the lower part of the fuel assemblies 
being more reactive that the upper parts.  Adding boron to the water diminishes the 
reactivity uniformly, but to reverse the effect the water has to be treated to remove the 
boron, which is slow and costly, and it creates a radioactive waste [4]. 
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french nuclear production (global)
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Figure 1 
Example of daily variation of global nuclear production in France [5] 
From a basic financial point of view, the main difference of cost of electricity generation 
between 100% load operation and degraded load essentially lies in fuel cost. For coal or 
gas power plant the cost of fuel is the main component of the final cost of electricity (up 
to 90% for gas). It is therefore logical to lower fuel consumption to adapt the network 
demand and electricity sales prices. For nuclear, fuel cost is only a minor part (around 
10%) of the final cost of electricity as the main part is the capital cost of the construction 
of the nuclear power plant (around 65%, the remaining corresponding to operations and 
maintenance costs). Operating the nuclear power plant below the nominal power will 
directly increase the price of electricity, as capital cost and most scheduled maintenance 
operations remain constant. 
Considering these facts, it really seems interesting to operate nuclear power plant as 
much as possible close to nominal power. But in this case, the production of electricity 
will exceed most of the time the demand and a valuable and very flexible market for the 
extra generated electricity has to be found. 
Power plant Estimation of Percentage of fuel cost in total cost 
Nuclear 11 % 
Gas 73 % 
Coal 47 % 
Peat 52 % 
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Wood 52 % 
Table 1: fuel cost as a percentage of overall cost for a number of electricity generating 
methods [6] 
Synthetic fuel from CO2 as electrical “storage” 
In the future very large amount of CO2 from industrial tail gases are expected to be 
available, probably transported in liquid form to a sequestration point. Hydrogen can 
already be produced from water using pem or alkaline electrolysis. CO2 and hydrogen 
can then be transformed to various synthetic fuels (methanol, ethanol, diesel…). 
In this approach, we propose to use the extra electricity to produce hydrogen and couple 
it with a chemical conversion of carbon dioxide (CO2) and hydrogen (H2) to DME. DME 
can be used directly as a transport fuel (as done in China [7]) or directly added to LPG 
(Liquefied Pressure Gaz) to some extent (15-20%). It can also be transformed to plastics 
or gasoline through industrial processes.                 
                                                                                            
The process is split into two parts: generation of hydrogen which requires electricity and 
chemical conversion of CO2 and hydrogen to DME. This last part has been design to 
avoid any electricity or heat demand (except a minimal amount of energy for internal 
pressure adjustment). The two parts are separated by buffer storage. This allows to the 
electrolysers to operate intermittently (i.e. when there is excess energy generated by the 
reactors) whilst the chemical part is run in a continuous way. 
Figure 2 : plant integration of fuel production 
Our process design is based on 3-step reactor network consisting of a Reverse Water Gas 
Shift (RWGS) reactor, a methanol (MeOH) synthesis reactor and a dehydration reactor of 
MeOH to DME. 
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CO2 + H2  CO + H2O      (1) 
Next step is the conversion of syngas, after condensing water, to methanol. The principal 
reactions involved in this chemical conversion for synthesis of methanol are: 
CO2 + 3H2  CH3OH + H2O     (2) 
CO + H2O  CO2 + H2      (3) 
Finally, the methanol is dehydrated into DME in the third reactor based on the reaction 
(4). 
2CH3OH  CH3OCH3 + H2O    (4) 
Figure 3 : basic scheme of conversion
In this process, the heat demand of the RWGS reactor can be provided by the combustion 
of the purge gas of the methanol synthesis reactor and the heat demand for distillation of 
DME and methanol can be provided by the heat release by the methanol synthesis 
reactor, as well as the DME synthesis reactor. Therefore no external heat is required and 
only a small amount of electrical energy is needed to compress the gas to the appropriate 
pressure of the different reactors. 
Estimation of potential CO2 emissions mitigation 
Operating the nuclear power plants as base load plants could enable an extra production 
of electricity between 3500 and 7000 MW in France. 
Supposing that all this extra electricity generation is used for synthesis fuel generation we 
found that 5 to 10 million tons of CO2 could be saved, as this DME did not anymore 
require to be produced from fossil sources. 
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Possibilities of coupling CO2 to fuel to nuclear heat 
New nuclear reactors are under investigation all around the world, with the goal of 
improving efficiency of uranium fuel consumption, in expectance of a future increase of 
fuel cost. Today France has given priority to the sodium fast reactor (SFR). The goals are 
to increase the efficiency of uranium usage by breeding plutonium and eliminating the 
need for transuranic isotopes leaving the site. Using sodium as a liquid coolant, heat can 
also be provided up to 500°C instead of 300°C as it is the case for current water base 
reactors. 
From an efficiency point of view, it is interesting to directly use heat instead of 
transforming it into electricity as long as the temperature level is adequate.  
The basic scheme proposed below only need heat for the RWGS (around 40 kJ/mol), 
which could be achieved at only 500°C by recycling unreacted CO2 , as long as a suitable 
catalyst could be found. To this value, we can add the heat for CO2 capture if a process 
based on amine or similar is used for CO2 capture and if the industrial source is close (up 
to a few kilometers) to the nuclear power plant. Evaluation of heat demand is dependent 
on the solvent used and the CO2 purity required, but can be estimated around 150 kJ/mol 
of CO2 at 130°C [8]. As around 1000 kJ of electrical power are required for each mole of 
CO2 for hydrogen production through low temperature electrolysis, it appears that the 
part of heat is under 20% of the final energy demand. Unfortunately nuclear coupling 
constrains, in particular issues with explosive products like hydrogen or high toxic 
compounds like carbon oxide, have then to be taken into account. 
However a new design of the chemical plant, aimed to maximize heat use currently under 
investigation, could put the contribution of heat to 35-40% of the final heat demand [9]. 
This requires the use of reactions in some unusual conditions and needs demonstration.  
This could even reach 50% if a high temperature technology for hydrogen production 
became available as the heat of water vaporization for hydrogen production could be 
provided by the nuclear reactor. 
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                Figure 4 : potential heat contribution to CO2 to fuel process 
Conclusion 
In the French context, where nuclear power is the dominant source of electricity, a CO2
to fuel technology could help to store extra energy and help avoid using nuclear energy in 
a flexible way. A scheme, based on known technologies, has been proposed, which 
avoids any coupling to a nuclear reactor. Heat coupling to nuclear could significantly 
improve the efficiency of the recycling of CO2 but using technologies yet to be 
demonstrated at industrial level. 
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